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Abstract
This study uses an existing astronomy software program to encourage inquiry- based learning and
argumentation while also ensuring gains on conventional classroom assessments and high-stakes
achievement tests. To supplement the software program, a curriculum and three levels of assessment--
quizzes, exam, and test--were designed and administered to 11th- and 12th- grade students during a
four-week implementation. Students worked in groups for the quizzes and exam to engage in
argumentative discourse. Because of the difficulties in engaging students in quality argumentation, the
curriculum, assessments, and overall learning environment were examined for ways to further support
argumentative discourse. 
Astronomy Village: Investigating the Universe is a software program developed by NASA’s Classroom of
the Future (COTF). It is designed to engage students in inquiry-based learning and scientific
argumentation through authentic investigations and simulations. In this regard, the software is
representative of quite a few multimedia science programs developed in the last decade (see Note 1). To
supplement the already-existing software package, a curriculum and three levels of assessment—quizzes,
an exam that focused on the curriculum, and a test that targeted the required science standards—were
designed and administered to students during a 20-hour, four-week implementation. Students worked in
groups during two levels of the assessments—quizzes and exam—to engage in argumentative discourse.
Because of the difficulties in engaging students in quality argumentation, the implementation was
examined for ways to improve the curriculum, assessments, and learning environment to further support
argumentative discourse. Three main questions guided this study: (1) What is argumentation? (2) Why is it
important? (3) How can students’ argumentation skills be developed? This article first considers the prior
research on the value of scientific argumentation and the challenges involved in supporting it.
Furthermore, descriptions of the design-based methods guiding this study, the Astronomy Village learning
environment, and the curriculum and assessment materials are provided. Then, an analysis of the
argumentation of two groups of students in the classroom and a description of the overall classroom
learning gains on the exam and test are provided. Finally, the lessons learned indicate that support for
further teacher facilitation, development of a more detailed description of steps to help support and
structure student argumentation, development of video rubric examples, adjustment of the quizzes and
exam to the students’ academic level, formation of groups of optimal size, and a curriculum that can help
students gain the needed background knowledge would help students improve their argumentative
discourse. 
1. INTRODUCTION
For over a decade now, researchers have recognized the importance of the role of conversation and
discourse when engaging students in science (Lemke 1990; Sutton 1992). Furthermore, in past years,
researchers have focused on argumentative discourse in science education (Driver et al. 1994; Newton,
Driver, & Osborne 1999; Simon, Erduran, & Osborne 2002). Despite these efforts, authentic
argumentative discourse is rarely enacted in science classrooms (Driver, Newton, & Osborne 2000).
Instead, science is presented as a collection of facts that students read and memorize. In the best-case
circumstances, studens perform experiments in which they follow directions to confirm already-learned
understandings (Rudolph & Stewart 1998). More specifically, in most classrooms, a positivist view of
science is prominent, and science is viewed as a subject in which there are clear right answers that emerge
from uncontroversial data (Driver et al. 2000). However, this method of learning science is outmoded
because it is authoritarian and not authentic.
Contemporary theorists insist that knowledge develops through social negotiation and through the
judgment of the practicality of the ideas of others (Savery & Duffy 1996; Zhu 1998). In science, our
knowledge is based on current theories; facts are facts only because there is widespread interpretation and
agreement on the ideas rather than the understanding of some ultimate truth. It was once thought that the
Earth was flat and that the Sun revolved around the Earth. Over time, theories and ideas change, and it is
through scientific argumentation that understandings are tested to find the most viable explanations
(Driver et al. 2000). Therefore, science should not involve transmitting a set of known facts to students.
Asking students just to memorize facts and concepts prevents them from experiencing authentic science
and gives them a false impression of how science is actually practiced. In addition to being unrealistic, it is
also an authoritarian way of teaching science; "to ask of other human beings that they just accept and
memorize what the science teacher says, without any concern for the meaning and justification of what is
said, is to treat those human beings with disrespect and is to show insufficient care for their welfare"
(Norris 1997, 252). 
Engaging students in argumentation is expected to allow them to see that science is an ongoing process in
which ideas are determined, questioned, and often changed or revised (Diehl 2000). Scientific
argumentation, which involves "proposing, supporting, criticizing, evaluating, and refining ideas, some of
which may conflict or compete, about a scientific subject" (Shin & McGee 2003, 1), engages students in
using evidence and theory to support or refute ideas or claims (Simon et al. 2002). Practicing scientists
work together to communicate and evaluate their ideas and findings. In doing so, they justify or abandon
their theories and beliefs with supporting or contradictory information gained through argumentation
(Kuhn 1993). It is through this practice that ideas are questioned and changed. In the same way, students
must be able to do more than just make claims or state facts; they should be able to support their claims
using evidence to justify their ideas as the most viable. 
To help describe the constitutive elements of argumentation, Toulmin (1958) proposed a general model
that is used by researchers and teachers to help describe, develop, and evaluate argumentation (Driver et
al. 2000; Jimenez-Aleixandre, Bugallo-Rodriguez, & Duschl 1997). The major components in Toulmin’s
model include:
Claim: a conclusion, hypothesis, or opinion 
Data: facts that support the claim 
Warrants: proposed reasons using rules, theories, principles, and so on, to describe how the data
support the claim 
Backings: commonly agreed assumptions that help justify warrants 
Rebuttals: specifying cases in which the claim will not or cannot be true
As students make claims, use data to support their claims, warrant their claims using data, and further
justify their claims using backings and rebuttals, they not only learn how to engage in the authentic
practices science, but they also learn the science content (American Association for the Advancement of
Science 1993). Through argumentation, students become producers, not just consumers, of scientific
knowledge (Brown & Campione 1998). As students argue and hear diverse ideas, they are able to reflect
on their own ideas and the ideas of others, which can help them tackle misconceptions and develop better
understandings. In fact, in a science class, the teacher may find that if the students are not discussing the
science concepts, they are not learning the material (Cobern 1993). Furthermore, in addition to learning
the content, through this structured discourse, students are able to become familiar with the way that
scientific language is used (Lemke 1990), allowing their discourse to become more like that of practicing 
scientists.
2. DIFFICULTIES IN ENGAGING STUDENTS IN 
ARGUMENTATION
Despite the evidence suggesting the importance of engaging students in argumentation, it is very difficult
to do so. One of the biggest deterrents in engaging students in argumentation is the lack of resources,
skills, and preparation that teachers face when trying to support argumentation in their classrooms (Driver
et al. 2000). This most likely contributes to the lack of opportunity that students have to engage in
discussion, and as a result, to the difficulties that students face when trying to participate in quality
argumentation. However, because argumentation does not come naturally to people (Kuhn 1991), students
need to be immersed in contexts that allow them to practice their argumentative skills.
Any effort to support argumentation raises numerous questions for which researchers and educators need
guidance. One example is the issue of group size (Alexopoulou & Driver 1996). Teachers are often unsure
of the group size that will allow students to participate in optimal discussion. When engaging in
discussion, groups must be large enough to expose students to a diversity of opinions, but small enough
for all members of the group to participate. No set number has been found to support the best discussions,
but researchers have suggested group sizes from three to six students (McClelland 1983; Slavin 1995).
Another factor that needs to be considered when engaging students in argumentation is the students’ prior
knowledge. A lack of prior knowledge of a subject or theory constrains students’ ability to reason and thus
warrant their claims using data (Koslowski 1996). Therefore, students are likely to feel and to be more
capable of arguing about a topic when they have a certain degree of knowledge about that subject. The
problem lies in the fact that students need to know something about science in order to engage in
argumentation, but they must engage in argumentation to learn the needed content. However, learning
both argumentation skills and content knowledge at the same time may be overwhelming. The question
remains as to how to approach this concern.
3. DESIGN-BASED RESEARCH
Central to this study’s efforts to advance scientific argumentation is the idea of design-based research.
Design-based research involves forming claims about learning, taking one’s ideas and materials into a real
and active classroom, and observing how they are enacted in order to improve both the theory and the
implementation. In trying to describe design-based research more clearly, it is useful to point out some of
the differences between traditional psychological methods and those of design-based research. Unlike
traditional psychological experimentation, design-based research involves working exclusively in
naturalistic settings rather than laboratory or artificial settings, flexible design revisions rather than fixed
procedures, many dependent variables rather than one or two variables, and capturing social interaction
rather than isolated learning (Barab & Squire 2004). 
When performing design-based research, one implements one’s theory and materials in a real classroom
environment. This environment is spontaneous and messy. For this reason, flexible design revision may
need to occur in order to assist and improve the learning environment. Because design-based research
views educational interventions as holistic (Design-Based Research Collective 2003), there are many
dependent variables that play a part in the outcomes. For instance, in an implementation, the interactions
between the materials, activities, teacher, and students all influence learning outcomes. Finally, because
the implementation involves multiple variables that work together in an active classroom, design-based
research captures social interactions rather than secluded learning. 
In design-based research, an impact is made on both the context being studied and on the theoretical work
to which one is trying to contribute. For instance, in an inquiry-based project called the Virtual Solar
System Project, Hay (2002) was able to make an impact on the learning environment through student
learning gains and student collaborations, and he was able to contribute to cognitive psychology with
claims about project-based learning and situated cognition (Barab & Squire 2004). Furthermore, with
design-based research, any lessons learned can be generalized to different learning environments. Thus,
efforts have both immediate and continuing consequences. The immediate refinements incorporated into
the learning environment help the students within the context studied, while plans for future refinements
contribute to future educational implementations as insights that can help change curriculum, materials,
and teaching methods (Clarke 2003). This study examined the implementation of Astronomy Village and
the accompanying curriculum and assessment materials and observed ways to modify the materials and
learning environment to help support and improve student argumentation. 
4. METHOD
4.1 Participants
The software and materials were implemented in an 11th- and 12th-grade astronomy classroom in
Georgia. The classroom was made up of 15 students, 9 males and 6 females. Students were divided into
five groups of three and worked together on activities and feedback conversations. Two of the five groups
were videotaped while participating in the feedback conversations in order to form an understanding of
how the students in the classroom were engaging in argumentation. The teacher was asked to form two
groups, one group of students with low interest in astronomy and one group of students with high interest
in astronomy. Interest was assessed by the teacher. These two groups were designed to be representative
of the diversity that is usually seen in an elective science class such as astronomy. For instance, many
students enroll in a class like astronomy because they are highly interested in and passionate about the
subject, while other students enroll in the class only to avoid taking a higher-level and more difficult
science class. 
4.2 Astronomy Village and Authentic Learning
One way to help support students’ argumentation skills is to provide them with tasks and activities that
engage them in the same culture and study as actual scientists (Shin & McGee 2003). Astronomy Village
does just that. The software places students in an authentic research context based on the Kitt Peak
National Observatory in Arizona, enabling them to explore issues of current importance to astronomers. In
addition to engaging the students in inquiry-based learning, the interactive lectures, hands-on labs, thought
questions, article readings, and image processing activities that students complete engage them in many of
the same types of activities in which astronomers participate. Furthermore, the activities allow students to
see that astronomers do not have all the answers and are still discovering and developing theories about
space. This emphasizes the ongoing and changing world of science, especially astronomy, in which
findings, theories, and technologies are constantly being refined and improved. This is expected to
encourage students to see how memorizing facts without an understanding of the ideas behind those facts
is meaningless in a discipline in which ideas and current understandings are continuously changing.
4.3 Curriculum and Assessment Formation and Administration
The project started by identifying 13 of Georgia’s Quality Core Curriculum (QCC) standards that were
well-matched to the various investigations in the Astronomy Village software. A four-week, 20-hour
curriculum was then developed that targeted the 13 standards. This resulted in 4 of the 10 Astronomy 
Village investigations being included in the curriculum. In addition, within each investigation, the 11 to 23
possible activities were examined, and a subset was identified as most relevant based on their application
to the investigation topic, their ability to be completed in four 50-minute class periods, and their alignment
to the standards. For each of the 13 state standards, corresponding standards from the local system and
national standards were also selected. 
Central to the project were three levels of assessment that were developed for this curriculum. These
assessments represented a comprehensive framework designed to help align innovative curriculum with
external tests by balancing formative and summative functions within and across levels. The three levels
(quizzes, a curriculum-oriented exam, and a standards-oriented test) are increasingly distal (relative to the
specific instructional event), increasingly summative (versus formative), and increasingly formal (in terms
of the representation of science knowledge).
4.3.1 Activity-Oriented Quizzes
One quiz was developed for each of the four investigations (with each investigation lasting four days), and
each quiz was administered to students the day after each investigation. The quizzes were
"activity-oriented" because they were closely aligned to the specific activities that students had completed.
The quizzes assessed the main concepts of the week’s investigation while covering the QCC standards
studied that week. The items on the quizzes addressed content covered only in Astronomy Village and used
screen shots, wording, and diagrams directly from the software (see Figure 1 for a quiz item from week
two’s investigation, "Search for Nearby Stars"). Finally, because the quizzes focused on concepts and
content targeted only in Astronomy Village and used similar (if not identical) wording and images, the
quizzes were a near transfer of knowledge from the curriculum.
Figure 1. Sample Quiz Item from Week Two.
Each two-part item on the quiz required students to make claims and then warrant those claims using data.
Upon the completion of each quiz, students assembled into groups to discuss the ungraded items. The
quizzes were largely formative and were not intended to be graded; rather, they were intended to provide
feedback to guide the enactment of a "feedback conversation" based on the activities that students had just
completed. These feedback conversations were structured around a four-step argumentation review routine
that was designed to help structure and facilitate student argumentation (see Figure 2). These instructional
steps were accompanied by answer explanation rubrics. Students were given the argumentation review
steps, and for each item, students were told to first state their individual answers to their group members
and then warrant or explain their answers using data. The group would then try to come to an agreement
on the most "sensible solution."
Figure 2. Argumentation Review Steps.
Next, students were provided answer explanations (see Figure 3 for an answer explanation for week two)
that detailed the rationale underlying item solutions without explicitly stating the answers. Students were
told to read them aloud and consider them relative to their consensus understanding. Finally, in order to
agree on and understand a final, most sensible solution, each group was instructed to use the answer
explanations to form the understandings needed to further warrant their claims using data. 
Figure 3. Answer Explanation from Week Two.
Much of standard classroom assessment is focused on assessing students’ memorized "one right answer."
However, for the open-ended quizzes, students were told to discuss their responses and agree on the most
sensible solution. The purpose was to encourage students to explore and discuss the possibilities of
different explanations rather than focus on coming up with a single right answer. On the quizzes, the
students could suggest various claims as long as they were able to warrant those claims. Thus, it was
expected that the argumentation review steps and the format of the quizzes and answer explanations would
help students engage in quality argumentation as they worked to explain and compare their responses,
argue and defend their own ideas, analyze each other’s ideas, review the answer explanations, and use the
data from the answer explanations to form a consensus and understanding of the most current and viable 
explanations.
4.3.2 Curriculum-Oriented Exam 
The exam was "curriculum-oriented" because it was designed to assess the broader content that was
targeted by the activities and reviewed in the quizzes. The exam was aligned to 13 QCCs targeted by the
curriculum, and one question per standard was cherry-picked from various public sources and specifically
chosen to address concepts that would be covered during the four-week implementation. The exam was
administered to students twice: before the curriculum as a component of the pretest (standards-oriented
test) and upon the completion of the curriculum. This allowed for a highly sensitive measure of the
students’ learning and retention at the end of the curriculum. Furthermore, although the questions for the
exam were chosen to address concepts that would be covered during the four-week implementation,
because they were selected from various public sources, the exam functioned as a pre-post measure of
medium transfer learning gains.
The students completed the postexam immediately following the feedback conversation after the fourth
and final quiz. Because the postexam was designed to be used for assigning student grades for the unit and
to guide formal revision of the curriculum and formal remediation for specific topics and for specific
students, the exams were graded and returned to the students the next day. Upon receiving their exams,
students spent the day engaged in argumentation over their exams. 
4.3.3 Standards-Oriented Test
The test was "standards-oriented" because it was aligned to the targeted science standards rather than the
particular curriculum. The test was assembled in a manner that would allow for valid comparisons across
any curriculum that targeted the specified standards, permitting valid estimations of the impact on the
assessed students’ performance on any high-stakes test items intended to assess those same standards. In
developing the test, an astronomy content item pool of 101 multiple-choice questions was created by
aligning 2 to 30 astronomy questions from various public sources to the 13 QCC standards. From this
pool, two questions for each of the 13 QCCs were randomly selected, forming a 26-item test. 
In addition to the 26 astronomy questions on the test (four of which were inquiry-based), the test included
three "inquiry triangle" questions drawn from a pool of inquiry-related items. The inquiry triangle was
made up of three inquiry items that were not tied to any particular subject area. The inquiry triangle was
included to examine the influence of Astronomy Village’s inquiry-based learning environment in
improving students’ ability to solve astronomy and general inquiry-type problems. In all, the test consisted
of a total of 29 questions, and because the item pools were designed with a focus on the standards and not
the curriculum, the test included concepts not necessarily covered in the Astronomy Village curriculum.
The test was formally administered to the students by a research assistant four days before the curriculum
was implemented and was administered by the same research assistant four days after the completion of
the curriculum. The test was administered under such secure conditions to allow us to make valid claims
about gains on high-stakes achievement tests. The only information that the teacher received about the test
was the students’ overall test scores, as is the case with standardized assessments. Finally, because the test
items were randomly selected and included items not necessarily covered in the Astronomy Village
curriculum, the test functioned as a pre-post measure of far transfer learning gains.
4.4 Assessment Design
Having three levels of assessment made it possible to balance the formative and summative functions of
assessment. Although the quizzes and exam allowed for argumentation and student feedback so as to
immediately and directly benefit the students, the standards-oriented test emphasized and reflected the
summative function of high-stakes assessments by focusing on state standards. Thus, the three levels of
assessment allowed the opportunity to bridge the gap between the "immediacies" of a technology-based
learning environment and the "abstraction" of standards (Zuiker & Hickey 2004). The goal was to engage
students in argumentation over the quizzes and exam to help improve their understanding of how to
engage in authentic science, which was expected to "promote a more refined understanding of the goals of
the activity" (Felton & Kuhn 2001, 137) and to ultimately raise scores on high-stakes assessments
focusing on state standards (Zuiker & Hickey).
5. RESULTS
5.1 Coding of Tapes for Argumentation
To form an understanding of the quality of the argumentation in the classroom over the four-week period
and how the students’ argumentation influenced learning gains, two of the five groups of students—one
group of high-interest students and one group of low-interest students—were selected, and their
discussions over the four activity-oriented quizzes were videotaped and analyzed. Although the groups
were formed based on interest, the students’ interest strongly corresponded to their previous semester
astronomy grades. The three low-interest students fell among the lowest grades in the class. Of the three
high-interest students, one received the highest grade in the class, one received the third highest grade in
the class, and the third student received among one of the lowest grades in the class. For the low-interest
students, performance and interest were closely related, but this was not necessarily the case for the high-
interest students.
The goal was to determine the makeup of the discussions of the two groups and determine if there were
any differences in the quality of argumentation of these two disparate groups and if there were any
improvements in the quality of the arguments with the passing of each week. The transcripts were coded
in accordance with Toulmin’s (1958) model. Therefore, the arguments were transcribed and analyzed in
terms of students making claims, using data to support their claims, using warrants to provide a link
between the data and the claim, using backings to strengthen the warrants, and using rebuttals to point to
the circumstances under which the claim would not hold true. This was done by examining the transcripts
and categorizing the students’ statements in terms of how well they fit into each category. Conversational
turns, or how the students’ statements fit into the context of the discussion, were considered in order to
categorize the statements more accurately. Examples from the students’ discussions include:
Claim: "The star will blow up one day." 
Data: "At each peak [on the chart], it’s the same place it was six days before." 
Warrants: "Star one is closer because you cannot cover it all." 
Backings: "UV rays are harmful so they must have higher energy." 
Rebuttals: "Not necessarily." 
Transcripts were read independently by two coders who then met to compare their analysis and resolve
differences in interpretation. The focus was on the argumentation rather than the content of the
argumentation because it was expected that engaging students in the correct process of argumentation
would eventually result in them learning the science content and skills (American Association for the
Advancement of Science 1993). 
Compared with the low-interest group (Table 1), the quality of the argumentation of the high-interest
group was superior (Table 2). The high-interest students used more data to support their claims, were
much more likely to warrant their claims using data, and used more backings and rebuttals than the
low-interest students. On the other hand, the low-interest students’ use of claims, data, and warrants
remained relatively stable throughout the four weeks, while for the high-interest students, their use of
claims increased with the passing of each week. By the fourth week, the number of claims that the group
was using was very high. This increase in the number of claims meant that students were just stating
claims rather than warranting those claims using data. 
Table 1. Low Interest Students’ (n = 3) Arguments over the Four-Week Period.
 Week 1 Week 2 Week 3 Week 4 
Claims 8 7 6 6 
Data 2 4 1 4 
Warrants 1 2 1 1 
Backings 0 0 0 0 
Rebuttals 0 0 2 2 
Table 2. High-Interest Students’ (n = 3) Arguments over the Four-Week Period.
 Week 1 Week 2 Week 3 Week 4 
Claims 6 7 10 16 
Data 3 4 6 4 
Warrants 3 7 8 2 
Backings 1 0 2 0 
Rebuttals 0 0 8 7 
One major improvement occurred in the quality of the students’ arguments in that during the third and
fourth weeks, both groups of students began to incorporate rebuttals into their arguments. Simon et al.
(2002) emphasized that rebuttals are essential to the quality of an argument because they help change the
ideas and thinking of the other individual. Conversations with rebuttals demonstrate a higher level of
argumentation because they change ideas. However, aside from the increase in the use of rebuttals (and
backings for the high-interest students), the quality of the conversations did not improve over the
four-week period. 
5.2 Classroom Learning Gains
Data were collected from the pre-postexam and pre-posttest for the entire classroom. Two items on the
preexam resulted in a ceiling effect, so only 11 items were analyzed for the pre-post exam. Of the 11 items
that were the same on the preexam and postexam, the 12 out of 15 students who took both administrations
of the exam received an average score of 7.17 out of 11 on the preexam and 9.42 out of 11 on the
postexam. Therefore, the 12 students’ exam score increased by an average of 2.25 questions (Table 3). Of
the 29 items on the pre-post test, the 14 out of 15 students who took both administrations of the test
received an average score of 15.29 out of 29 on the pretest and 16.14 out of 29 on the posttest. Therefore,
the 14 students’ test scores increased by an average of .85 questions (Table 3).
Table 3. Students’ Exam and Test Scores.
 Pre Mean (SD) Post Mean (SD) Average Gain 
Curriculum-oriented Exam (n=12) 7.17 (2.04) 9.42 (1.78) 2.25 
Standards-oriented Test (n=14) 15.29 (3.36) 16.14 (2.66) .85 
Statistical analyses indicated that the exam gains, F(1,11) = 18.43, p < 0.001, were statistically significant,
and test gains, F(1,13) = 3.21, p < 0.097, were not statistically significant. Although learning gains did
occur, they were very slight for the test. This may have been a direct result of the problems with the
quality of the students’ arguments. Thus, based on the learning gains on the test and analysis of the
argumentation of the two groups, it was clear that there was room to improve the quality of the students’ 
arguments.
6. LESSONS LEARNED
Consistent with the goals of design-based research, the implementation was examined for ways to improve
the materials and learning environment to further support argumentation, and accordingly, learning gains
on standards-oriented tests. Examination of the videotapes and classroom observations indicated that the
duration of the discourse during the feedback conversations was very short throughout the four-week
period. In addition to the duration, as can be seen in the coding of the videotapes, the quality of the
discourse was also poor. Along with the videotapes of the students engaging in argumentation, classroom
observations, in-depth interviews with the teacher, and self-reports from the students allowed for the
opportunity to determine how to best help students engage in quality argumentation. Below is a
description of the possible reasons that the students may have had problems engaging in argumentation,
and potential ways to help eliminate these problems. Although two very different groups were videotaped
while engaging in argumentation, it was found that the analysis of the two groups allowed for the
development of ideas and materials that were useful for helping even the most extreme types of students in
a classroom.
One possible factor contributing to the problem of engaging students in quality argumentation is that over
the four-week period, the students illustrated uncertainty about how to use the argumentation review steps
and answer explanations because they either failed to look over them or just skimmed through them
quickly. This affected the structure, duration, and quality of the discussions. In fact, during the third week
of the quiz feedback conversations, the quality and duration of the discourse was so low that the teacher
was asked to help facilitate the students in their discussions. Although engagement time during the
teacher’s active facilitation increased during the two quiz feedback sessions as students increasingly
engaged in the analysis of answer explanations (about two minutes more), the quality of the discussions
did not increase. This was because the teacher was unsure of the best way to facilitate this new curricular
routine. Much of the teacher’s engagement was structured around his own routine of walking around the
classroom looking for disengaged groups. He would then approach those students and ask them for their
responses on the quiz. However, his way of facilitating the students who were having trouble with the quiz
items did not appear to encourage worthwhile argumentation. For instance, when the low-interest group
was not discussing, the teacher approached them and asked them for their responses. If the students were
confused about an item, most of the scaffolding that occurred involved the teacher asking the students
known-answer questions to which the students responded with the appropriate answer (given his implicit
direction). This facilitation was centered on getting students to a right answer or claim rather than
encouraging them to warrant the claims that he was leading them toward. For the high-interest group, the
teacher approached the students if they were not engaged in discussion and asked them for their responses.
If the students provided inaccurate claims or needed assistance, he would encourage them to keep talking
about it. 
The teacher’s different approach toward the two groups may be due to his identification of the
high-interest group as being more interested and thus more likely to keep discussing the astronomy. He
may have felt that the low-interest students were not as likely to engage in discussion and that it would be
more useful to just lead them to an answer. However, this type of facilitation appeared to contribute to the
low-interest students’ lack of engagement in discussion and to their problems engaging in effective
argumentation. Overall, the teacher facilitated the other groups in the classroom similar to the way that he
facilitated the high-interest students; he encouraged the students to keep talking when they were having
trouble answering the questions or when they were providing inaccurate claims. 
Although the teacher facilitated the students differently, especially the low-interest and high-interest
students, he did not examine the quality of the students’ discussions by confirming that they were using
the argumentation review steps and answer explanations to structure and facilitate their conversations, or
that they were warranting their claims using data and supporting their claims using backing or rebuttals.
This is not a surprise; again, one of the greatest difficulties in engaging students in quality argumentation
is the teacher’s lack of preparation for or proficiency in supporting argumentation in their classrooms.
However, the teacher’s role in engaging students in argumentation is critical. In fact, in their own analysis
of argumentative discourse, Simon et al.’s (2002) data suggest that the amount of argumentative discourse
that students engage in is more a result of the teacher’s structuring and organization of the lesson than any
feature or characteristic of the students or groups. 
Based on classroom observations and a thorough examination of the literature on argumentation (Bell &
Linn 2000; Driver et al. 2000; Duschl & Gitomer 1997; Herrenkohl et al. 1999; Kuhn 1991, 1993; Simon
et al. 2002), ideas for a set of teacher facilitation guidelines were developed to help teachers engage
students in scientific argumentation. These guidelines will be useful for facilitating teaching every type of
student in the classroom. The teacher facilitation guidelines should encourage teachers to first listen to and
observe students’ discussions for three dimensions: (1) argumentation—whether students are participating
in quality scientific argumentation (using data and backings to warrant claims, using rebuttals to refine
claims) and are using the argumentation review steps and answer explanations to support their discussions;
(2) engagement—how long the students maintain engagement in the discussion; and (3) turn
taking—whether each student in the group is listening to and contributing to the discussion. Teachers
should then be encouraged to approach groups or students needing assistance or not engaging in efficient
argumentation with reflective tosses, in which the teacher hears the student or group making a claim but
encourages them to warrant that claim using data; open-ended questions about the students’ claims and
warrants so that students are encouraged to further discuss and reflect on their ideas; and content free 
prompts (conjunctions: but, so) that provide useful hints that lead completely confused students to come
up with the correct warrants. Therefore, the guidelines should try to move teachers away from asking,
"What do I give students to develop an appropriate understanding?" to "How can I help students construct
an appropriate understanding?" (Driver et al. 1994; Duschl & Gitomer 1997) so that teachers are no longer
inserting content into the conversations but instead are helping students to construct understandings
through the practice of argumentation. 
In addition to the development of the teacher facilitation guidelines, the argumentation review steps
(Figure 2) for the students should be revised to help incorporate the terminology of argumentation. For
instance, rather than asking students to share what they wrote, students should be encouraged to provide
claims. Rather than asking students to explain why they wrote their responses, students should be asked to
warrant their claims using data. Incorporating the terminology of argumentation can help students use
those terms to describe what they are doing in a way that can help them form a better understanding of the
practice of argumentation. 
Another concern was that although both the teacher and students would be provided guidance (teacher
facilitation guidelines for the teacher and review steps for the students) on how a scientific discussion
should play out, it would most likely still be difficult for them to picture what an effective feedback
conversation should actually look like. For this reason, an animated video rubric is being developed to be
viewed by the students after the completion of their first quiz and feedback conversation. The video rubric
will include an example of a poor conversation and an example of a good conversation based on the three
dimensions of argumentation, engagement, and turn taking. In a prior study of feedback conversations in
science education, it was found that providing students with video-based examples increased the
proportion of conversational turns during feedback that were coded as scientific argumentation from 25%
to 40% (Schafer et al. 2003). After students watch the videos, they will be asked, first on their own and
then in their groups, to rate their group discussions based on the same three dimensions (argumentation,
engagement, and turn taking) found in both the teacher facilitation guidelines and video rubric. The goal is
to help students and teachers understand and compare good and bad scientific argumentation, to help
students assess their own conversations, and to ultimately improve the duration and quality of students’
argumentation. 
When the implementation teacher was interviewed and asked how he thought student argumentation could
be improved, he suggested adding more questions to the quiz and making the quizzes and answer
explanations more difficult. He felt that making the quizzes and answer explanations longer and more
complex would help engage students in longer and more involved argumentation. McCaslin & Hickey
(2001) described how Vygotsky would change a task to "increase its frustrating potential, thus requiring
self-directive speech" (239). Similarly, making the quizzes more challenging than students are accustomed
to may increase group argumentation as students further discuss and question their ideas. 
Although the students worked together in groups of three on both the activities and feedback
conversations, to help students work more effectively, the teacher suggested putting students in smaller
groups for the activities and larger groups for the feedback conversations. He felt that groups of two
instead of three would enable students to work more comfortably and efficiently on the computer and on
different activities. Meanwhile, for the feedback conversations, he suggested combining two groups,
forming groups of four for the assessment feedback conversations, so that students could be exposed to a
diversity of ideas.
Finally, because the students were able to complete activities more quickly than was expected, the teacher
suggested adding activities from each investigation to the curriculum. Thus, in the future, it would be
useful to include extra activities, particularly more interactive lectures and article readings, that provide
students with further background knowledge. This additional prior knowledge gained through such
activities can help the students engage in more efficient argumentation by giving them the knowledge they
need to warrant their claims using data and to support their claims using backings and rebuttals.
Engaging students in argumentation is much more difficult than it appears. However, because
argumentation is essential for understanding the social workings of science (Driver et al. 2000; Duschl
2000) and for learning the skills and content detailed in science education standards (American
Association for the Advancement of Science 1993), it is important to develop ideas and materials that can
help support scientific argumentation. 
In this study, the implementation of an inquiry-based software program and supplemental curriculum and
assessment materials was examined to understand how the goal to support argumentative discourse
influenced the quality of the students’ argumentation and their learning gains. It was found that despite the
efforts to design an implementation that supports argumentation, many of the difficulties of engaging
students in argumentative discourse that were found in the literature were experienced. Therefore, while
trying to develop and further refine learning environment and materials to help support argumentation, it
became possible to understand and tackle many new, already-recognized challenges that present
themselves when trying to engage students in argumentative discourse.
NOTE
Note 1. Multimedia Educational Software (http://www.cotf.edu).
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